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(54) Semiconductor member manufacturing method and semiconductor device manufacturing 
method 


(57) This invention provides an SOI substrate man- 
ufacturing method using a transfer method (bonding and 
separation). A separation layer (12) is formed on a sili- 
con substrate (11). A silicon layer (13), SiGe layer (14), 
silicon layer (15*), and insulating layer (21) are sequen- 
tially formed on the resultant structure to prepare a first 
substrate (10'). This first substrate (10') is bonded to a 


second substrate (30). The bonded substrate stack is 
separated into two parts at the separation layer (12). 
Next, Ge in the SiGe layer (1 4) is diffused into the silicon 
layer (13) by hydrogen annealing. With this process, a 
strained SOI substrate having the SiGe layer on the in- 
sulating layer (21) and a strained silicon layer on the 
SiGe layer is obtained. 


FIG. 1C 



EP 1 248 294 A2 


Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconduc- 
tor member manufacturing method and semiconductor 
device manufacturing method. 

BACKGROUND OF THE INVENTION 

[0002] As a substrate for forming a semiconductor de- 
vice with a high speed and low power consumption, a 
substrate having a strained silicon layer has received a 
great deal of attention. When a layer (SiGe layer) made 
of silicon (Si) and germanium (Ge) is grown on a silicon 
substrate, and a single-crystal silicon layer is grown on 
the resultant structure, the silicon layer is strained. Thus, 
a strained silicon layer is obtained. This strain occurs 
because the lattice constant of the layer made of silicon 
and germanium is slightly larger than that of the single- 
crystal silicon layer. 

[0003] An SOI substrate having a buried oxide film in 
a silicon substrate has also received attention and been 
put into practical use as a substrate for forming a sem- 
iconductor device with a high speed and low power con- 
sumption. 

[0004] Also, a technique has been reported, in which 
a first SiGe layer is formed on a silicon substrate, a sec- 
ond SiGe layer having a higher Ge concentration than 
the first SiGe layer is formed, and a buried oxide film 
serving as an insulating layer is formed near the inter- 
face between the first and second SiGe layers by Sl- 
MOX (Separation by Ion iMplanted OXygen), thereby 
obtaining a thin SiGe layer with a high Ge concentration 
on the buried oxide film ("A Novel Fabrication Technique 
of Ultra-Thin and Relaxed SiGe Buffer Layers with High 
Ge Content for Sub-1 00 nm Strained Silicon-On-lnsula- 
tor MOSFETs", T. Tezuka et al., EXTENDED AB- 
STRACTS OF THE 2000 INTERNATIONAL CONFER- 
ENCE ON SOLID STATE DEVICES AND MATERIALS, 
Sendai, 2000, pp. 472-473; "Design of SiGe/Buried Ox- 
ide Layered Structure to Form Highly Strained Si Layer 
on Insulator for SOI MOSFETs", N. Sugiyamaetal., EX- 
TENDED ABSTRACTS OF THE 2000 INTERNATION- 
AL CONFERENCE ON SOLID STATE DEVICES AND 
MATERIALS, Sendai, 2000, pp. 474-475). 
[0005] As a characteristic feature of the technique by 
T Tezuka et al. and N. Sugiyama et al., SIMOX is used 
to form a structure with an SiGe layer on an insulating 
layer Hence, this technique latently has a technical dis- 
advantage in SIMOX. In SIMOX, a large number of ox- 
ygen ions are implanted into a silicon substrate to form 
a buried oxide film in the silicon substrate. For this rea- 
son, in SIMOX, many crystal defects are formed in the 
silicon substrate, and it is therefore difficult to ensure 
quality enough to form a minority carrier device. In ad- 
dition, the oxide film formed in the silicon substrate by 
SIMOX requires a higher quality. These points are taken 


into consideration. In the technique reported by T. Tezu- 
ka et al. and N. Sugiyama. et al., a number of crystal 
defects (e.g., dislocation) are generated in the SiGe lay- 
er by the SIMOX process. Additionally, it is difficult to 
improve the quality of the buried oxide film. Hence, it is 
supposed to be difficult to make full use of the latent ef- 
fects of the strained silicon and SOI structure. 

SUMMARY OF THE INVENTION 


w 


[0006] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to provide a new technique for forming a semiconductor 
member having, e.g., a layer containing silicon and an 
additive substance on an insulating layer, and a strained 
silicon layer on the resultant structure. 
[0007] According to the first aspect of the present in- 
vention, there is provided a method of manufacturing a 
semiconductor member having a layer formed from sil- 
20 icon and an additive material on an insulating layer, 
comprising a) the preparation step of preparing a first 
member having a second layer substantially formed 
from silicon on a first layer containing silicon and the 
additive material, b) the transfer step of bonding the first 
25 and second members via the insulating layer while plac- 
ing the second layer inside, and transferring the first and 
second layers from the first member to the second mem- 
ber, and c) the diffusion step of diffusing the additive ma- 
terial contained in the first layer into the second layer. 
30 The insulating layer only need be formed at least on the 
first member side or on the second member side. The 
insulating layer may be formed on both of the first and 
second member sides. 

[0008] According to the preferred embodiment of the 
35 present invention, the preparation step comprises the 
stacking step of forming the second layer on the first 
layer, the manufacturing method comprises the insulat- 
ing layer forming step of forming the insulating layer on 
the second layer of the first member, and the stacking 
40 step, insulating layerforming step, and transfer step are 
executed in an order of the stacking step, insulating lay- 
er forming step, and transfer step. 
[0009] According to the preferred embodiment of the 
present invention, the first member has a silicon layer 
45 under the first layer, and in the transfer step, a portion 
from the silicon layer to the insulating layer is transferred 
from the first member to the second member. 
[0010] According to the preferred embodiment, the 
diffusion step is executed after the transfer step. In such 
50 a method, it is preferable that the method further com- 
prises, afterthe diffusion step, the growing step of grow- 
ing a silicon layer on the first layer on the second mem- 
ber. 

[0011] According to the preferred embodiment, the 
55 diffusion step is executed afterthe insulating layerform- 
ing step and before the transfer step. 
[0012] According to the preferred embodiment, in the 
insulating layer forming step, the insulating layer is 
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formed by thermal oxidation with annealing at a temper- 
ature enough to diffuse the additive material, thereby 
parallelly executing the insulating layer forming step and 
diffusion step. 

[001 3] According to the preferred embodiment, in the 
insulating layer forming step, the insulating layer is 
formed by thermal oxidation with annealing at a temper- 
ature enough to diffuse the additive material, the diffu- 
sion step comprises the first and second diffusion steps, 
the fist diffusion step is executed by annealing in the in- 
sulating layer forming step in parallel to the insulating 
layer forming step, and the second diffusion step is ex- 
ecuted after the transfer step. In such a method, it is 
preferable that the method further comprises, after the 
second diffusion step, the growing step of growing a sil- 
icon layer on the first layer on the second member. 
[0014] According to the preferred embodiment, the 
method further comprises, after the transfer step, the 
thermal oxidation step of thermally oxidizing a surface 
layer of the second member, and the removal step of 
removing a thermal oxide film formed on the second 
member by the thermal oxidation step. In such a meth- 
od, it is preferable that the method further comprises, 
after the removal step, the growing step of growing a 
silicon layer on the second member. 
[0015] According to the preferred embodiment, it is 
preferable that the additive material contains germani- 
um. 

[0016] According to the preferred embodiment, it is 
preferable that the insulating layer is a silicon oxide film. 
[0017] According to the preferred embodiment, the 
first member has a separation layer under the first layer, 
and in the transfer step, the second member is bonded 
to the first member having the insulating layer formed 
by the insulating layerforming step, and then, a member 
formed by bonding is separated at the separation layer. 
[001 8] According to the preferred embodiment, in the 
transfer step, a separation layer is formed in the first 
member having the insulating layer by ion implantation, 
the second member is bonded to the first member hav- 
ing the separation layer, and then, a memberformed by 
bonding is separated at the separation layer. 
[0019] According to the preferred embodiment, the 
first and second layers of the first member are formed 
by CVD. 

[0020] According to the preferred embodiment, the 
first and second layers of the first member are continu- 
ously formed in a single CVD step while gradually or 
stepwise changing a flow rate or concentration of a 
source gas that supplies the additive material. 
[0021] According to the preferred embodiment, the 
first member has the first and second layers on a silicon 
substrate, and a separation layer at least at one of a 
portion in the first layer, an interface between the first 
layer and the silicon substrate, and a portion in the sili- 
con substrate. The separation layer can be, e.g., a po- 
rous layer formed by anodizing or an ion-impianted lay- 
er. 


[0022] According to the preferred embodiment, the 
layer formed from silicon and the additive material is 
made adjacent to the insulating layer by the diffusion 
step. 

5 [0023] According to the second aspect of the present 
invention, there is provided a method of manufacturing 
a semiconductor member having a layer formed from 
silicon and an additive material on an insulating layer, 
comprising a) the preparation step of preparing a first 
io member having a second layer substantially formed 
from silicon on a first layer containing silicon and the 
additive material, b) the transfer step of bonding the first 
member and the insulative second member while plac- 
ing the second layer inside, and transferring the first and 
'5 second layers from the first member to the second mem- 
ber, and c) the diffusion step of diffusing the additive ma- 
terial contained in the first layer into the second layer. 
[0024] According to the third aspect of the present in- 
vention, there is provided a semiconductor device man- 
ufacturing method comprising a) the preparation step of 
preparing a first member having a second layer substan- 
tially formed from silicon on a first layer containing sili- 
con and the additive material, b) the transfer step of 
bonding the first and second members via the insulating 
layer while placing the second layer inside, and trans- 
ferring the first and second layers from the first member 
to the second member, c) the diffusion step of diffusing 
the additive material contained in the first layer into the 
second layer, d) the strained silicon layerforming step 
of forming a strained silicon layer on the first layer trans- 
ferred onto the second member, and e) the circuit ele- 
ment forming step of forming a circuit element on the 
strained silicon layer. 

[0025] According to the fourth aspect of the present 
invention, there is provided a semiconductor device 
manufacturing method comprising a) the preparation 
step of preparing a first member having a second layer 
substantially formed from silicon on a first layer contain- 
ing silicon and the additive material, b) the transfer step 
of bonding the first member and the insulative second 
member while placing the second layer inside, and 
transferring the first and second layers from the first 
member to the second member, c) the diffusion step of 
diffusing the additive material contained in the first layer 
into th^ second layer, d) the strained silicon layer form- 
ing step of forming a strained silicon layer on the first 
layer transferred onto the second member, and e) the 
circuit element forming step of forming a circuit element 
on the strained silicon layer. 

[0026] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The accompanying drawings, which are incor- 
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porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 

5 

Fig. 1 A is a sectional view showing the stacking step 
of the first and second embodiments; 
Fig. 1B is a sectional view showing the insulating 
layer forming step of the first and second embodi- 
ments; w 
Fig. 1 C is a sectional view showing the bonding step 
(preprocessing of the transfer step) of the first and 
second embodiments; 

Fig. 1 D is a sectional view showing the separation 

step (post-processing of the transfer step) of the 

first and second embodiments; 

Fig. 1 E is a sectional view showing the diffusion 

step of the first embodiment; 

Fig. 2A is a sectional view showing the diffusion 

step of the second embodiment; 20 

Fig. 2B is a sectional view showing the growing step 

of the second embodiment; 

Fig . 3A is a sectional view showing the stacking step 

of the third and fourth embodiments; 

Fig. 3B is a sectional view showing the insulating 25 

layer forming step and first diffusion step of the third 

and fourth embodiments; 

Fig. 3C is a sectional view showing the bonding step 
(preprocessing of the transfer step) of the third and 
fourth embodiments; 30 
Fig. 3D is a sectional view showing the separation 
step (post-processing of the transfer step) of the 
third and fourth embodiments; 
Fig. 3E is a sectional view showing the second dif- 
fusion step of the third and fourth embodiments; 35 
Fig. 3F is a sectional view showing the growing step 
of the third embodiment; 

Fig. 4A is a sectional view showing the thermal ox- 
idation step of the fourth embodiment; 
Fig. 4B is a sectional view showing the removal step 40 
of the fourth embodiment; 

Fig. 4C is a sectional view showing the growing step 
of the fourth embodiment; and 
Figs. 5A to 5D are views showing a semiconductor 
device and a manufacturing method thereof. 45 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] As a characteristic feature of the preferred em- so 
bodiments of the present invention, a transfer method 
is used to form a structure having a layer containing sil- 
icon and an additive substance on an insulating layer, 
and a strained silicon layer on the resultant structure. In 
the transfer method, a first member having a layer to be ss 
transferred (the layer to be transferred is formed from 
two or more layers) on a separation layer with a fragile 
structure is bonded to a second member via the layer to 


be transferred, and then, the composite member (bond- 
ed member) formed by bonding is separated at the sep- 
aration layer. 

[0029] According to this method, the layer to be trans- 
ferred is transferred from the first member to the second 
member such that the lower layer of the layer to be trans- 
ferred, which is formed on the first member, becomes 
the upper layer of the second member, and the upper 
layer of the layer to be transferred, which is formed on 
the first member, becomes the lower layer of the second 
member. That is, according to this method, the layers 
that are sequentially stacked on the first member are 
stacked on the second substrate of the second member 
in a reverse order. 

[0030] According to a preferred embodiment of the 
present invention, a separation layer is formed on the 
surface of a first member, a layer (SiGe layer) containing 
silicon and germanium serving as an additive material 
is formed as a first layer on the separation layer, a layer 
(preferably a single-crystal silicon layer) substantially 
made of silicon is formed as a second layer on the SiGe 
layer, and an insulating layer is formed on the resultant 
structure by thermal oxidation or the like. Next, the sec- 
ond member is bonded to the first member via the insu- 
lating layer. The composite member formed by bonding 
is separated at the separation layer. 
[0031] As the first member, a silicon substrate is typ- 
ically used. The separation layer is typically formed by 
converting the silicon substrate surface into a porous 
structure by anodizing. 

[0032] In this method, the single-crystal silicon layer 
serving as the second layer advantageously functions 
in forming a high-quality insulating layer on it. This is 
because when the second layer is a silicon layer, an in- 
sulating layer can be formed by oxidizing the silicon lay- 
er by thermal oxidation. Note that a high-quality thermal 
oxide film can be formed by thermal oxidation, as is 
known by those skilled in the art. 
[0033] The manufacturing method of this embodiment 
includes the diffusion step of diffusing germanium con- 
tained in the first layer to the second layer until the ger- 
manium partially reaches the insulating layer stacked on 
the second layer. This diffusion layer can be executed 
in parallel to the insulating layer forming step or after the 
insulating layer forming step (e.g., a) between the insu- 
lating layer forming step and the bonding step, b) be- 
tween the bonding step and the separation step, c) after 
the separation step, or d) after another step executed 
after the separation step). Especially, when the insulat- 
ing layer is made of a silicon oxide layer, the diffusion 
rate of Ge in silicon oxide is very low, and Ge can be 
therefore suppressed from entering the silicon oxide lay- 
er in the diffusion step. 

[0034] With the above step, a semiconductor member 
having an insulating layer on the second member and 
a layer (SiGe layer) containing silicon and germanium 
on the insulating layer can be obtained. 
[0035] In the manufacturing method of this embodi- 
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ment, a silicon layer is grown on the SiGe layer of the 
semiconductor member obtained in the above step. This 
silicon layer is a strained silicon layer because it has a 
lattice constant different from that of the underlying SiGe 
layer. 

[0036] The manufacturing method according to this 
embodiment can further include the step of forming a 
circuit element using the strained silicon layer as an ac- 
tive layer. A device having such a circuit element can 
attain a high speed and low power consumption. 
[0037] In the above method, a silicon layer is prefer- 
ably formed under the first layer (layer containing silicon 
and germanium as an additive material) of the first mem- 
ber. This is because a high-quality first layer can be ob- 
tained by forming it after a silicon layer is formed on the 
separation layer rather than by directly forming the first 
layer on the separation layer. 

[0038] In the above manufacturing method, the sep- 
aration layer is formed on the first member first, and 
then, the first and second layers and the insulating layer 
are sequentially formed. However, the separation layer 
may be formed, e.g., after the first and second layers 
and the insulating layer are formed. For example, an ion- 
implanted layer to be used as a separation layer may 
be formed under the first layer by ion implantation in- 
cluding the step of implanting ions such as hydrogen 
ions into the first member with the first and second layers 
and the insulating layer formed thereon. As is known, 
many small cavities that are latently present in the ion- 
implanted layer coagulate upon annealing. This layer is 
called, e.g., a micro-cavity layer. As an ion species, ni- 
trogen or rare gas ions can be used in addition to hydro- 
gen ions. As an ion implantation method, e.g., plasma 
immersion ion implantation (described in, e.g., 
W098/52216) can be employed. 
[0039] In the above manufacturing method, germani- 
um is preferably used as a material to be added to silicon 
to form the first layer. However, any other material can 
be added as long as it can form a layer having a lattice 
constant different from that of the silicon layer to be used 
as an active layer. In addition to germanium, e.g., Sb, 
As, or C can be applied to the present invention. 
[0040] In the above manufacturing method, the sep- 
aration step can be realized by various methods. It is 
preferable to employ a method of, e.g., injecting a fluid 
into the separation layer of the composite member 
formed by bonding and separating the composite mem- 
ber into two members by the fluid. As the fluid, in addition 
to a liquid such as water, a gas such as air can be em- 
ployed. A technique that employs water or a mixture 
thereof as a fluid is known as a water jet method. 
[0041] Preferred embodiments of the present inven- 
tion will be described below. 

[First Embodiment] 

[0042] A semiconductor substrate (member) manu- 
facturing method according to the first embodiment of 


the present invention will be described with reference to 
Figs. 1Ato 1E. 

[0043] In the step (stacking step) shown in Fig. 1 A, a 
first substrate (member) 10 having a porous layer 12 on 
5 a silicon substrate 11, a silicon layer 13 on the porous 
layer 12, a first layer (SiGe layer) 14 containing silicon 
and germanium (additive material) on the silicon layer 
13, and a silicon layer 15 on the SiGe layer 14 is pre- 
pared. 

w [0044] First, the porous layer 1 2 is formed on the sin- 
gle-crystal silicon substrate 11 by anodizing. Anodizing 
can typically be done by filling an anodizing container 
having a platinum electrode pair with a solution contain- 
ing hydrogen fluoride (HF), placing the silicon substrate 
*s 11 between the electrode pair, and supplying a current 
between the electrode pair. The porous layer 1 2 formed 
by this step is a layer having a fragile structure and func- 
tions as a separation layer later in the separation step. 
[0045] A protective film such as an oxide film may be 
20 formed on the pore surfaces in the porous layer. Alter- 
natively, a plurality of layers having different porosities 
may be formed by controlling the anodizing solution or 
current. For example, a first porous layer and a second 
porous layer having a lower porosity than the first porous 
layer may be formed sequentially from the single-crystal 
silicon substrate 11 side. 

[0046] Then, the single-crystal silicon layer 13 is epi- 
taxially grown on the porous layer 12 by CVD. 
[0047] The growth conditions of the single-crystal sil- 
icon layer are as follows. 

Carrier gas: H 2 

The flow rate of hydrogen is preferably 1 5 to 45 
iiters/min and, typically, 30 liters/min. 
Source gas: SiH 2 CI 2 

The flow rate of the source gas is preferably 50 
to 200 seem and, typically, 100 seem. 
Chamber pressure 

The chamber pressure is preferably 10 to 100 
Torr and, typically, 80 Torr. 
Growth temperature 

The growth temperature is preferably 650°C to 
1,000°C and, typically, 900°C. 

[0048] Before growth of the single-crystal silicon lay- 
er, the porous layer surface is preferably annealed (pre- 
baked) in a hydrogen atmosphere. In pre-baking, the 
flow rate of hydrogen is preferably 15 to 45 liters/min 
(typically, 40 liters/min), the temperature is preferably 
700°C to 1 ,000°C (typically, 950°C) , and the chamber 
pressure is preferably 1 0 to 760 Torr (typically, 80 Torr). 
The single-crystal silicon layer is also preferably grown 
at a low growth rate of 50 nm/min or less at the initial 
stage of growth. 

[0049] As the first layer 14, a layer (SiGe layer: e.g., 
Ge = 30%) containing silicon and germanium (additive 
material) is epitaxially grown on the single-crystal silicon 
layer 13 by CVD using lamp heating. Conditions for it 
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are preferably as follows. The above-described pre-bak- 
ing may be executed before the growth. 

Carrier gas: H 2 

The flow rate of H 2 Is preferably 25 to 45 liters/ 
min and, typically, 30 liters/min. 
Source gas 1: SiH 4 

The flow rate of SiH 4 is preferably 50 to 200 se- 
em and, typically, 100 seem. 
Source gas 2: 2% GeH 4 

The flow rate of 2% GeH 4 is preferably 20 to 
500 seem and, typically, 300 seem. 
Chamber pressure 

The chamber pressure is preferably 10 to 100 
Torr and, typically, 1 00 Torr. 
Temperature 

The temperature is preferably 650°C to 680°C. 
Growth rate 

The growth rate is preferably 10 to 50 nm/min. 

[0050] A single-crystal silicon layer as the second lay- 
er 15 is epitaxially grown on the first layer (SiGe layer) 
14 by CVD. Conditions for it are preferably as follows. 
[0051] Growth conditions of the single-crystal silicon 
layer serving as the second layer 15 are as follows. 

Carrier gas: H 2 

The flow rate of hydrogen is preferably 1 5 to 45 
liters/min and, typically, 30 liters/min. 
Source gas: SiH 4 

The flow rate of the source gas is preferably 50 
to 500 seem and, typically, 100 seem. 
Chamber pressure 

The chamber pressure is preferably 10 to 1 00 
Torr and, typically, 80 Torr. 
Growth temperature 

The growth temperature is preferably 650°C to 
1,000°C, and typically, 900°C. 
Growth rate 

The growth rate is preferably 1 0 to 500 nm/min. 

[0052] The above-described pre-baking may be exe- 
cuted before the growth. If a sample is extracted from 
the CVD apparatus for each step, a spontaneous oxide 
film formed on the surface may be removed by dipping 
it into a diluted HF solution before the next step. 
[0053] With the above step, the first substrate (mem- 
ber) 1 0 schematically shown in Fig. 1 A is obtained. The 
silicon layer 13, first layer (SiGe layer) 14, and second 
layer (silicon layer) 15 may be formed in a single step 
(e.g., the CVD step) by gradually or stepwise changing 
the Ge concentration (and the concentration of another 
gas) or other conditions, instead of using the multiple 
steps described above. 

[0054] Next to the step shown in Fig. 1 A, in the step 
(insulating layer forming step) shown in Fig. 1B, an in- 
sulating layer 21 is formed on the surface of the first sub- 
strate 10 shown in Fig. 1A. In this step, typically, an in- 


sulating film (in this case, an SiQ 2 film) is formed by ther- 
mally oxidizing the second layer (single-crystal silicon 
layer) 15 on the surface of the first substrate 10 shown 
in Fig. 1A by thermal oxidation. Reference numeral 15' 

5 denotes a thermally oxidized second layer. When ther- 
mal oxidation is used, the insulating layer 21 having a 
much higher quality than a buried oxide film by SIMOX 
can be formed. The insulating layer 21 may be formed 
not by thermal oxidation but by CVD. In this case as well, 

10 the insulating layer 21 having a higher quality than by 
SIMOX using oxygen ion implantation can be formed. 
Formation of the insulating layer is not indispensable. 
The insulating layer may be formed on the surface of 
the second substrate, as wit! be described later. If the 

*5 second substrate is made of an insulating material such 
as transparent glass, the insulating layer need not be 
formed. 

[0055] The insulating layer 21 functions as a buried 
insulating film (buried oxide film) later. The insulating 
20 layer 21 also functions as a diffusion stopper in the step 
of diffusing germanium (additive material) from the first 
layer 1 4 to the second layer 1 5', which is executed later. 
Since the insulating layer 21 formed by thermal oxida- 
tion orthe insulating layer 21 formed on the surface layer 
25 of the substrate by CVD is a fine film containing few de- 
fects and therefore acts as a satisfactory diffusion stop- 
per. A buried oxide film by SIMOX can also function as 
a diffusion stopper. However, since the buried oxide film 
by SIMOX has many defects, germanium may diffuse 
30 into the substrate through the defects. The defects here 
include a region where no satisfactory Si0 2 was formed 
in the presence of foreign substances on the substrate 
surface that received oxygen ions. 
[0056] Next to the step shown in Fig. 1 B, in the step 
35 (bonding step) shown in Fig. 1C, a second substrate 
(member) 30 is bonded to the insulating layer 21 side of 
a first substrate (member) 1 0' having the insulating layer 
21 . The first substrate 1 0' and second substrate 30 may 
be only simply bonded to each other. Alternatively, the 
40 two substrates may be brought into tight contact with 
each other and then subjected to anodic bonding or an- 
nealing to firmly bond them. The second substrate 30 is 
typically a substrate prepared by forming an insulating 
layer 32 such as an Si0 2 layer on the surface of a silicon 
45 substrate 31 . The insulating layer 32 is not indispensa- 
ble. The second substrate 30 need not always be 
formed from a silicon substrate. For example, the sec- 
ond substrate 30 may be a glass substrate. 
[0057] Next to the step shown in Fig. 1C, in the step 
50 (separation step) shown in Fig. 1 D, the substrate (bond- 
ed substrate stack) formed by bonding is separated into 
two substrates at the separation layer 12. That is, the 
transfer step is executed by the bonding step shown in 
Fig. 1C and the separation step shown in Fig. 1D. The 
55 separation step can be executed by, e.g. , injecting a fluid 
into the separation layer 12 while rotating the bonded 
substrate stack about its axis. Reference numerals 12' 
and 12" schematically denote porous layers remaining 
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on the two separated substrates. 
[0058] Instead of the separation method using a fluid 
such as a liquid or a gas, a separation method using 
tensile, compression, or shearing stress may be em- 
ployed. Alternatively, both methods may be combined. 
When the porous layer 1 2' remains on a separated sec- 
ond substrate 30', the porous layer is preferably re- 
moved by etching, polishing, grinding, or annealing in a 
reducing atmosphere containing hydrogen. If no or few 
residue is present, or the residue poses no problem in 
the post-processing, the removal step need not always 
be executed. 

[0059] Next to the step shown in Fig. 1 D, in the step 
(diffusion step) shown in Fig. 1 E, annealing and, typi- 
cally, hydrogen annealing is executed for the separated 
second substrate 30'. This annealing is executed at a 
temperature capable of diffusing germanium (additive 
material) in the first layer 14 and, typically, at 1,000°C 
or more. With this annealing, germanium in the first layer 
1 4 is diffused until it partially reaches the insulating layer 
21 , thereby forming an insulating layer/SiGe layer inter- 
face. As described above, the insulating layer 21 func- 
tions as a stopper that suppresses diffusion of germa- 
nium. Hence, germanium is rarely diffused into the sub- 
strate through the insulating layer 21 . This annealing is 
controlled such that the germanium in the first layer 14 
partially reaches the insulating layer 21 while a silicon 
layer 13* substantially containing no germanium re- 
mains at a portion with a predetermined thickness (part 
of the original silicon layer 21 ) from the surface of a sem- 
iconductor substrate 30° to be manufactured. The re- 
maining silicon layer 13' is a strained silicon layer be- 
cause its lattice constant is different from that of an SiGe 
layer 14* formed under the silicon layer 13*. 
[0060] Annealing is preferably executed at a hydro- 
gen flow rate of 1 0 liters/min, a temperature of 900 C C to 
1 ,200°C, and atmospheric pressure or less. 
[0061 ] The thickness of the silicon layer 1 3' is prefer- 
ably 2 to 200 nm and, more preferably, 2 to 50 nm. The 
thickness of the SiGe layer 1 4' is preferably 2 to 1 00 nm 
and, more preferably 5 to 50 nm. The concentration of 
Ge is preferably 5% to 40% and, more preferably, 15% 
to 30%. 

[0062] When a circuit element is formed using the 
strained silicon layer 13\ a device with a high speed and 
low power consumption can be obtained. Circuit ele- 
ment formation (semiconductor device manufacturing) 
will be described later. The surface may be planarized 
by polishing or hydrogen annealing, as needed. 

[Second Embodiment] 

[0063] For the steps shown in Figs. 1 A to 1 E, this em- 
bodiment is the same as in the first embodiment. Char- 
acteristic features of this embodiment, which are differ- 
ent from the first embodiment, will be described below 
with reference to Figs. 2A and 2B. 
[0064] Next to the step (separation step) in Fig. 1D, 


in the step (diffusion step) shown in Fig. 2A, annealing 
and, typically, hydrogen annealing is executed for a sep- 
arated second substrate 30'. This annealing is executed 
at a temperature capable of diffusing germanium (addi- 
s tive material) in a first layer 1 4 and, typically, at 1 ,000°C 
or more. In this embodiment, with this annealing, ger- 
manium (additive material) in the first layer 1 4 is diffused 
into an entire silicon layer 1 5' and an entire second layer 
13, thereby forming a layer (SiGe layer) 14" containing 
io silicon and germanium on an insulating layer 21 . Typi- 
cally, annealing is executed such that the germanium 
concentration in the SiGe layer 1 4" becomes almost uni- 
form. According to this embodiment, the concentration 
of germanium (additive material) in the surface layer of 
is the second substrate 30' after annealing can easily be 
accurately controlled. In addition, the concentration dis- 
tribution of germanium in the planar direction can easily 
be uniformed (flattened). The insulating layer 21 func- 
tions as a stopper for suppressing diffusion of germani- 
um, as in the first embodiment. 

[0065] Next to the step shown in Fig. 2A, in the step 
(growing step) shown in Fig. 2B, a single-crystal silicon 
layer 41 is grown on the SiGe layer 1 4" of a second sub- 
strate 30 M " by CVD. The single-crystal silicon layer 41 
thus formed is a strained silicon layer because it has a 
lattice constant different from that of the underlying SiGe 
layer 1 4". According to this embodiment, the concentra- 
tion of germanium in the SiGe layer 14" near the inter- 
face between the strained silicon layer 41 and the SiGe 
layer 14" can easily be accurately controlled. In addition, 
the concentration distribution at the interface can be uni-_ 
formed (flattened). Hence, the strain of the strained sil- 
icon layer 41 formed on the SiGe layer 14" can easily 
be controlled, so a high-quality strained silicon layer 41 
can be obtained. 

[0066] The growth conditions of the single-crystal sil- 
icon layer 41 are as follows. 

Carrier gas: H 2 

The flow rate of H 2 is preferably 1 5 to 45 liters/ 
min and, typically, 20 liters/min. 
Source gas: SiH 2 CI 2 

The flow rate of SiH 2 CI 2 is preferably 1 0 to 500 
seem and, typically, 100 seem. SiH 2 may be used 
as the source gas. In this case, the flow rate is pref- 
erably 10 to 500 seem and, typically, 50 seem. 
Chamber pressure 

The chamber pressure is preferably 10 to 760 
Torr and, typically, 80 Torr. 
Temperature 

The temperature is preferably 650°C to 
1 ,000°C and, typically, 900°C. 

[0067] Before growth, p re-baking is preferably per- 
formed. As pre-baking conditions, the temperature is 
preferably 850°C to 1 ,000°C (typically, 950°C), the flow 
rate of hydrogen is preferably 15 to 50 liters/min (typi- 
cally, 30 liters/min), and the pressure is preferably 10 to 
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760 Torr (typically, 80 Torr). The pre-baking step may be 
omitted. 

[0068] When a circuit element is formed using the 
strained silicon layer 41 , a device with a high speed and 
low power consumption can be obtained. Circuit ele- 
ment formation (semiconductor device manufacturing) 
will be described later. 

[0069] In the above method, next to the step (diffusion 
step) shown in Fig. 2A, the step (growing step) shown 
in Fig. 2B is executed. However, the surface of the SiGe 
layer 1 4" may be thermally oxidized, and then, the ther- 
mal oxide film may be removed simultaneously with the 
diffusion step or between the diffusion step and the 
growing step. In this case, in thermally oxidizing the 
SiGe layer 1 4", a thermal oxide film is formed by bonding 
between silicon atoms on the surface of the SiGe layer 
14" and oxygen atoms supplied from the vapor phase 
to the substrate, and on the other hand, germanium at- 
oms are pressed out from the thermal oxide film into the 
substrate. For this reason, the germanium concentra- 
tion in the SiGe layer 14" can be increased. At the same 
time, the SiGe layer 14" may be thinned out. 
[0070] In this embodiment, since the single-crystal sil- 
icon layer 41 is newly formed on the SiGe layer 14" in 
the step (growing step) shown in Fig. 2B, the single- 
crystal silicon layer 13 need not always be formed be- 
fore formation of the first layer (SiGe layer) 14in the step 
(stacking step) shown in Fig. 1A. However, when the sin- 
gle-crystal silicon layer 13 is formed in the step shown 
in Fig. 1 A, a high-quality first layer 14 can be formed on 
the silicon layer 13. The surface may be planarized by 
polishing or hydrogen annealing, as needed. 


[Third Embodiment] 

[0071] A semiconductor substrate (member) manu- 
facturing method according to the third embodiment of 
the present invention will be described with reference to 
Figs. 3A to3F. 

[0072] In the step (stacking step) shown in Fig. 3A, a 
first substrate (member) 110 having a porous layer 112 
on a silicon substrate 111 , preferably a silicon layer 113 
on the porous layer 112, a first layer (SiGe layer) 114 
containing silicon and germanium (additive material) on 
the silicon layer 1 1 3, and a silicon layer 1 1 5 on the SiGe 
layer 114 is prepared. 

[0073] First, the porous layer 1 1 2 is formed on the sin- 
gle-crystal silicon substrate 1 11 by anodizing. Anodizing 
can typically be done by filling an anodizing container 
having a platinum electrode pair with a solution contain- 
ing hydrogen fluoride (HF), placing the silicon substrate 
1 1 1 between the electrode pair, and supplying a current 
between the electrode pair. The porous layer 112 
formed by this step is a layer having a fragile structure 
and functions as a separation layer later in the separa- 
tion step. 

[0074] Then, the single-crystal silicon layer 113 is epi- 
taxially grown on the porous layer 112 by CVD. 
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[0075] The growth conditions of the single-crystal sil- 
icon layer are as follows. 

Carrier gas: H 2 

The flow rate of hydrogen is preferably 15 to 45 
liters/min and, typically, 30 liters/min. 
Source gas: SiH 2 CI 2 

The flow rate of the source gas is preferably 50 
to 200 seem and, typically, 1 00 seem. 
Chamber pressure 

The chamber pressure is preferably 1 0 to 1 00 
Torr and, typically, 80 Torr. 
Growth temperature 

The growth temperature is preferably 650°C to 
1 ,000°C and, typically, 900°C. 


[0076] Before growth of the single-crystal silicon lay- 
er, the porous layer surface is preferably annealed (pre- 
baked) in a hydrogen atmosphere. In pre-baking, the 
20 flow rate of hydrogen is preferably 15 to 45 liters/min 
(typically, 40 liters/min), the temperature is preferably 
700°C to 1 ,000°C (typically, 950°C), and the chamber 
pressure is preferably 1 0 to 760 Torr (typically, 80 Torr). 
The single-crystal silicon layer is also preferably grown 
25 at a low growth rate of 50 nm/min or less at the initial 
stage of growth. 

[0077] The single-crystal silicon layer 113 is not al- 
ways necessary. However, when it is formed, a high- 
quality first layer 114 can be obtained. 
30 [0078] As the first layer 114, a layer (SiGe layer: e.g., 
Ge = 30%) containing silicon and germanium (additive 
material) is epitaxially grown on the single-crystal silicon 
layer 113 by CVD using lamp heating. 
Conditions for it are preferably as follows 

35 

Carrier gas: H 2 

The flow rate of H 2 is preferably 25 to 45 liters/ 
min and, typically, 30 liters/min. 
Source gas 1: SiH 4 
40 The flow rate of SiH 4 is preferably 50 to 200 se- 

em and, typically, 100 seem. 
Source gas 2: 2% GeH 4 

The flow rate of 2% GeH 4 is preferably 20 to 
500 seem and, typically, 300 seem. 
45 - Chamber pressure 

The chamber pressure is preferably 1 0 to 100 
Torr and, typically, 1 00 Torr. 
Temperature 

The temperature is preferably 650°C to 680°C. 
50 • Growth rate 

The growth rate is preferably 10 to 50 nm/min. 

[0079] A single-crystal silicon layer as the second lay- 
er 115 is epitaxially grown on the first layer (SiGe layer) 
5 5 1 14 by CVD. Conditions for it are preferably as follows. 
[0080] Growth conditions of the single-crystal silicon 
layer serving as the second layer 115 are as follows. 
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Carrier gas: H 2 

The flow rate of hydrogen is preferably 1 5 to 45 
liters/min and, typically, 30 liters/min. 
Source gas: SiH 4 

The flow rate of the source gas is preferably 50 
to 500 seem and, typically, 100 seem. 
Chamber pressure 

The chamber pressure is preferably 10 to 100 
Torr and, typically, 80 Torr. 
G ro wth temperatu re 

The growth temperature is preferably 650°C to 
1 ,000°C, and typically, 900°C. 
Growth rate 

The growth rate is preferably 1 0 to 500 nm/min. 

[0081] The above-described pre-baking may be exe- 
cuted before the growth. If a sample is extracted from 
the CVD apparatus for each step, a spontaneous oxide 
film formed on the surface may be removed by dipping 
it into a diluted HF solution before the next step. 
[0082] With the above step, the first substrate (mem- 
ber) 110 schematically shown in Rg. 3A is obtained. The 
silicon layer 113, first layer (SiGe layer) 1 1 4, and second 
layer (silicon layer) 115 may be formed in a single step 
(e.g., the CVD step) by gradually or stepwise changing 
the Ge concentration (and the concentration of another 
gas) or other conditions, instead of using the multiple 
steps described above. 

[0083] Next to the step shown in Fig. 3A, in the step 
(insulating layer forming step/first diffusion step) shown 
in Fig. 3B, an insulating layer 121 is formed on the sur- 
face of the first substrate 1 1 0 shown in Fig. 3A. by ther- 
mal oxidation. At the same time, germanium (additive 
material) contained in a first layer 114' is diffused into 
the second layer (silicon layer) 115 by annealing accom- 
panying the thermal oxidation. This annealing is execut- 
ed at a temperature capable of diffusing germanium 
and, typically, at 1 ,000°C or more. This annealing is con- 
trolled such that the germanium (additive material) in the 
first layer 114 partially reaches the insulating layer 121 
simultaneously with diffusion to form an insulating layer/ 
SiGe layer interface. Reference numerals 114' and 113' 
denote an SiGe layer and silicon layer after diffusion of 
germanium. 

[0084] In the step shown in Fig. 3A, when the silicon 
layer 113 is formed before formation of the first layer 
114, germanium also diffuses into the silicon layer 113. 
[0085] As a characteristic feature of this embodiment, 
the thermal oxidation step and diffusion step are paral- 
lelly executed. However, the diffusion step may be exe- 
cuted after the thermal oxidation step (insulating layer 
forming step) (e.g., between the insulating layer forming 
step and the bonding step or between the bonding step 
and the separation step). In the first and second embod- 
iments, the diffusion step is executed after the separa- 
tion step. 

[0086] Next to the step shown in Fig. 3B, in the step 
(bonding step) shown in Fig. 3C, a second substrate 


(member) 130 is bonded to the insulating layer 121 side 
of a first substrate (member) 110' having the insulating 
layer 1 21 . The first substrate 1 1 0* and second substrate 
130 may be only simply bonded to each other. Altema- 

s tively, the two substrates may be brought into tight con- 
tact with each other and then subjected to anodic bond- 
ing or annealing to firmly bond them. The second sub- 
strate 1 30 is typically a substrate prepared by forming 
an insulating layer 1 32 such as an SiO a layer on the sur- 

10 face of a silicon substrate 131. The insulating layer 1 32 
is not indispensable. The second substrate 130 need 
not always be formed from a silicon substrate. For ex- 
ample, the second substrate 130 may be a glass sub- 
strate. 

15 [0087] Next to the step shown in Fig. 3C, in the step 
(separation step) shown in Fig. 3D, the substrate (bond- 
ed substrate stack) formed by bonding is separated into 
two substrates at the separation layer 112. That is, the 
transfer step is executed by the bonding step shown in 

20 Rg. 3C and the separation step shown in Fig. 3D. The 
separation step can be executed by, e.g., injecting a fluid 
into the separation layer 312 while rotating the bonded 
substrate stack about its axis. Reference numerals 312' 
and 31 2° schematically denote porous layers remaining 

25 on the two separated substrates. In this separation step, 
when the porous layer remains on the separated second 
substrate 130\ the remaining porous layer 112' may be 
removed by etching or the like. 

[0088] In the step (second diffusion step) shown in 
30 Fig. 3E, which is arbitrarily executed next to the step 
shown in Fig. 3D, annealing and, typically, hydrogen an- 
nealing is executed for the separated second substrate 
1 30'. This annealing is executed at a temperature capa- 
ble of further diffusing germanium (additive material) in 
35 the SiGe layer 114' to improve the quality of the SiGe 
layer 1 1 4' (e.g., to uniform the germanium concentration 
or to remove lattice defects) and, typically, at 1,000°C 
or more. 

[0089] When the silicon layer 1 1 3 is formed before for- 
40 mation of the first layer 1 1 4 in the step shown in Fig. 3A, 
this annealing is typically controlled such that germani- 
um diffuses into the entire silicon layer 113. However, 
the annealing may be controlled such that a silicon layer 
substantially containing no germanium remains at a por- 
45 tion with a predetermined thickness from the surface 
layer (the original silicon layer 113) of the second sub- 
strate 130", as in the first embodiment. 
[0090] The annealing for converting the entire upper 
portion of the insulating layer 121 into the SiGe layer 
so 114" is preferably executed in, e.g., a hydrogen atmos- 
phere at a temperature of 900°C to 1 ,200°C and, more 
preferably, 1 ,000°C to 1,100°C, an atmospheric pres- 
sure or less, and a hydrogen flow rate of 2 to 20 liters/ 
min. 

55 [0091] Next to the step shown in Fig. 3E, in the step 
(growing step) shown in Fig. 3F, a single-crystal silicon 
layer 141 is grown on the SiGe layer 114 M of the second 
substrate 130" by CVD. The thus formed single-crystal 
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silicon layer 1 41 is a strained silicon layer because it has 
a lattice constant different from that of the underlying 
SiGe layer 114". 

[0092] When a circuit element is formed using the 
strained silicon layer 141, a device with a high speed 
and low power consumption can be obtained. Circuit el- 
ement formation (semiconductor device manufacturing) 
will be described later. The surface may be planarized 
by polishing or hydrogen annealing, as needed. 


[Fourth Embodiment] 

[0093] For the steps shown in Figs. 3A to 3D or Figs. 
3A to 3E, this embodiment is the same as in the third 
embodiment. Characteristic features of this embodi- 
ment, which are different from the third embodiment, will 
be described below with reference to Figs. 4A to 4C. 
[0094] Next to the step (separation step) shown in Fig. 
3D or the step (second diffusion step) shown in Fig. 3E, 
in the step (thermal oxidation step) shown in Fig. 4A, the 
surface of a second substrate 130' or 130" shown in Fig. 
3D or 3E is thermally oxidized. In this thermal oxidation 
step, a thermal oxide film 151 is formed by bonding be- 
tween silicon atoms on the surface of an SiGe layer 1 4 m 
and oxygen atoms supplied from the vapor phase to the 
substrate. At this time, germanium atoms are pressed 
out from the thermal oxide film 151 into the substrate. 
For this reason, the germanium concentration in the 
SiGe layer 14*" increases. At the same time, the SiGe 
layer 14'" is thinned out. 

[0095] Next to the step shown in Fig. 4A, in the step 
(oxide film removal step) shown in Fig. 4B, the thermal 
oxide film formed on the SiGe layer 11 4'" on the second 
substrate by thermal oxidation is removed to expose the 
SiGe layer 114'". 

[0096] Next to the step shown in Fig. 4B, in the step 
(growing step) shown in Fig. 4C, a single-crystal silicon 
layer 1 61 is grown on the SiGe layer 11 4 ,n by CVD. The 
thus formed single-crystal silicon layer 1 61 is a strained 
silicon layer because it has a lattice constant different 
from that of the underlying SiGe layer 114"'. 

[Example of Semiconductor Device] 

[0097] A semiconductor device (device) using a sem- 
iconductor substrate that can be manufactured by the 
above substrate manufacturing method and a manufac- 
turing method thereof will be described next with refer- 
ence to Figs. 5A to 5D. 

[0098] A semiconductor substrate is manufactured 
using any one of the semiconductor substrate (member) 
manufacturing methods explained as the first to fourth 
embodiments. As described above, this semiconductor 
substrate has an SiGe layer on a buried oxide film (in- 
sulating film) and a strained Si layer on it. This substrate 
has a silicon layer on an insulating film and, therefore, 
can be regarded as a kind of SOI substrate. However! 
a semiconductor substrate (to be referred to as a 


strained SOI substrate hereinafter) having a structure of 
strained Si layer/SiGe layer/insulating layer has re- 
ceived a great deal of attention because it can be used 
to obtain a device with a higher speed and lower power 
5 consumption than a normal SOI substrate having a 
structure of single-crystal silicon layer/insulating layer. 
This is because a strained Si layer is more advanta- 
geous than an Si layer without any strain. 
[0099] In the step shown in Fig. 5A, an active region 
10 1 1 03' and element isolation region 1 054 are formed on 
the prepared strained SOI substrate. More specifically, 
the active region 1103' and element isolation region 
1054 can be formed by, e.g., a method of pattering an 
SiGe layer 1106 and strained Si layer 1105 on a buried 
15 insulating film 1104 into an island shape, LOCOS, or 
trench method. 

[0100] A gate insulating film 1056 is formed on the 
surface of the strained Si layer 1 1 05. As the material of 
the gate insulating film 1056, e.g., silicon oxide, silicon 

20 nitride, silicon oxynitride, aluminum oxide, tantalum ox- 
ide, hafnium oxide, titanium oxide, scandium oxide, yt- 
trium oxide, gadolinium oxide, lanthanum oxide, zirco- 
nium oxide, or mixed glass thereof is preferably used. 
The gate insulating film 1056 can be formed by, e.g., 

25 oxidizing the surface of the strained Si layer 1 1 05 or de- 
positing an insulating substance on the strained Si layer 
11 05 by CVD or PVD. 

[0101] A gate electrode 1055 is formed on the gate 
insulating film 1056. The gate electrode 1055 can be 
30 formed from, e.g., polysilicon doped with a p- or n-type 
impurity, a metal such as tungsten, molybdenum, titani- 
um, tantalum, aluminum, or copper or an alloy contain- 
ing at least one of them, a metal silicide such as molyb- 
denum silicide, tungsten silicide, or cobalt silicide, or a 
35 metal nitride such as titanium nitride, tungsten nitride, 
or tantalum nitride. The gate insulating film 1056 may 
be formed by stacking a plurality of layers made of dif- 
ferent materials such as a polycide gate. The gate elec- 
trode 1055 may be formed by, e.g., a method called sal- 
40 icide (self-align silicide), a method called a damascene 
gate process, or any other method. With the above step, 
the structure shown in Fig. 5A is obtained. 
[01 02] In the step shown in Fig. 5B, an n-type impurity 
such as phosphorus, arsenic, or antimony or a p-type 
4 5 impurity such as boron is doped into the active region 
1103', thereby forming relatively lightly doped source 
and drain regions 1058. The impurity can be doped by, 
e.g., ion implantation and annealing. 
[0103] An insulating film is formed to cover the gate 
50 electrode 1 055 and etched back to form a side wall 1 059 
on the side surface of the gate electrode 1 055. 
[01 04] An impurity having the same conductivity type 
as described above is doped into the active region 1 1 03' 
to form relatively heavily doped source and drain re- 
55 gjons 1057. With the above step, the structure shown in 
Fig. 5B is obtained. 

[0105] In the step shown in Fig. 5C, a metal silicide 
layer 1060 is formed on the upper surface of the gate 
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electrode 1 055 and on the upper surfaces of the source 
and drain regions 1 057. As the material of the metal sil- 
icide layer 1060, e.g., nickel silicide, titanium silicide, co- 
balt silicide, molybdenum silicide, or tungsten silicide is 
preferably used. Such a silicide can be formed by de- 
positing a metal to cover the upper surface of the gate 
electrode 1 055 and the upper surf aces of th e source and 
drain regions 1057, executing annealing to make the 
metal react with the underlying silicon layer, and remov- 
ing unreacted metal portions using an etchant such as 
sulfuric acid. The surface of the silicide layer may be 
nitrided, as needed. With the above step, the structure 
shown in Fig. 5C is obtained. 

[0106] In the step shown in Fig. 5D, an insulating film 
1061 is formed to cover the upper surface of the gate 
electrode and the upper surfaces of the source and drain 
regions, which are converted into a silicide. As the ma- 
terial of the insulating film 1 061 , silicon oxide containing 
phosphorus and/or boron is preferably used. 
[0107] A contact hole is formed in the insulating film 
1 061 by CM P, as needed. When photolithography using 
a KrF excimer laser, ArF excimer laser, F 2 excimer laser, 
electron beam, or X-rays is applied, a rectangular con- 
tact hole having a side smaller than 0.25 urn or a circular 
contact hole having a diameter smaller than 0.25 u,m 
can be formed. 

[0108] The contact hole is filled with a conductive ma- 
terial. To fill the contact hole with a conductive material, 
preferably, a film of a refractory metal or a nitride thereof 
is formed as a barrier metal 1062 on the inner surface 
of the contact hole, as needed, and then, a conductive 
material 1063 such as a tungsten alloy, aluminum, alu- 
minum alloy, copper, or copper alloy is deposited using 
CVD, PVD, or plating. A conductive material deposited 
higher than the upper surface of the insulating film 1 061 
may be removed by etch back or CMP. Before filling the 
contact hole with a conductive material, the surface of 
the silicide layer in the source and drain regions, which 
is exposed to the bottom portion of the contact hole, may 
be nitrided. With the above step, a transistor such as an 
FET can be formed on the strained Si layer. Hence, a 
semiconductor device having the structure shown in Fig. 
5D can be obtained. 

[0109] When the thickness and impurity concentra- 
tion of the active region (strained Si layer) 11 03' are de- 
termined such that a depletion layer that spreads under 
the gate insulating film upon applying a voltage to the 
gate electrode reaches the upper surface of the buried 
insulating film 1 1 04, the resultant transistor operates as 
a fully depleted transistor. When the thickness and im- 
purity concentration of the active region (strained Si lay- 
er) 1103' are determined such that the depletion layer 
does to reach the upper surface of the buried insulating 
film 11 04, the resultant transistor operates as a partially 
depleted transistor. 

[01 10] Figs. 5A to 5D show only one transistor region. 
However, to obtain a semiconductor device that attains 
a desired function, a number of transistors and other cir- 


cuit elements can be formed on a strained SOI sub- 
strate, and interconnections therebetween can be 
formed. 

[0111] According to the present invention, anew tech- 
5 niqueforforming a semiconductor member, e.g., a layer 
containing silicon and an additive substance on an in- 
sulating layer, and a strained silicon layer on the result- 
ant structure can be provided. 

[0112] As many apparently widely different embodi- 
io ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the append- 
ed claims. 

[0113] This invention provides an SOI substrate man- 
ufacturing method using a transfer method (bonding and 
separation). A separation layer (1 2) is formed on a sili- 
con substrate (11). A silicon layer (13), SiGe layer (14), 
silicon layer (15'), and insulating layer (21) are sequen- 
tially formed on the resultant structure to prepare a first 
substrate (10'). This first substrate (10') is bonded to a 
second substrate (30). The bonded substrate stack is 
separated into two parts at the separation layer (12). 
Next, Ge in the SiGe layer (1 4) is diffused into the silicon 
layer (13) by hydrogen annealing. With this process, a 
strained SOI substrate having the SiGe layer on the in- 
sulating layer (21) and a strained silicon layer on the 
SiGe layer is obtained. 


Claims 

1 . A method of manufacturing a semiconductor mem- 
ber having a layer formed from silicon and an addi- 
tive material on an insulating layer, comprising: 

the preparation step of preparing a first member 
having a second layer substantially formed 
from silicon on a first layer containing silicon 
and the additive material; 
the transfer step of bonding the first and second 
members via the insulating layer while placing 
the second layer inside, and transferring the 
first and second layers from the first member to 
the second member; and 
the diffusion step of diffusing the additive ma- 
terial contained in the first layer into the second 
layer. 

2. The method according to claim 1 , wherein 

the preparation step comprises the stacking 
step of forming the second layer on the first layer, 

the manufacturing method comprises the in- 
sulating layer forming step of forming the insulating 
layer on the second layer of the first member, and 

the stacking step, insulating layer forming 
step, and transfer step are executed in an order of 
the stacking step, insulating layer forming step, and 
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transfer step. 

3. The method according to claim 1 , wherein 

the first member has a silicon layer under the 
first layer, and 5 

in the transfer step, a portion from the silicon 
layer to the insulating layer is transferred from the 
first member to the second member. 

4. The method according to any one of claims 1 to 3, 10 
wherein the diffusion step is executed after the 
transfer step. 

5. The method according to any one of claims 1 to 4, 
further comprising, after the diffusion step, the is 
growing step of growing a silicon layer on the first 
layer on the second member. 

6. The method according to any one of claims 1 to 3, 
wherein the diffusion step is executed after the in- 20 
sulating layer forming step and before the transfer 
step. 

7. The method according to claim 2, wherein in the in- 
sulating layer forming step, the insulating layer is 25 
formed by thermal oxidation with annealing at a 
temperature enough to diffuse the additive material, 
thereby parallelly executing the insulating layer 
forming step and diffusion step. 

30 

8. The method according to claim 2, wherein 

in the insulating layer forming step, the insu- 
lating layer is formed by thermal oxidation with an- 
nealing at a temperature enough to diffuse the ad- 
ditive material, 35 

the diffusion step comprises the first and sec- 
ond diffusion steps, 

the fist diffusion step is executed by annealing 
in the insulating layer forming step in parallel to the 
insulating layer forming step, and 40 

the second diffusion step is executed after the 
transfer step. 

9. The method according to claim 8, further compris- 
ing, afterthe second diffusion step, the growing step 45 
of growing a silicon layer on the first layer on the 
second member. 


growing a silicon layer on the second member. 

12. The method according to any one of claims 1 to 4, 
further comprising, after the transfer step, 

the thermal oxidation step of thermally oxidiz- 
ing a surface layer of the second member, and 

the removal step of removing a thermal oxide 
film formed on the second member by the thermal 
oxidation step. 

13. The method according to claim 12, further compris- 
ing, after the removal step, the growing step of 
growing a silicon layer on the second member. 

14. The method according to any one of claims 1 to 13, 
wherein the additive material contains germanium. 

15. The method according to any one of claims 1 to 14, 
wherein the insulating layer is a silicon oxide film. 

16. The method according to any one of claims 1 to 15, 
wherein 

the first member has a separation layer under 
the first layer, and 

in the transfer step, the second member is 
bonded to the first member having the insulating 
layer formed by the insulating layer forming step, 
and then, a member formed by bonding is separat- 
ed at the separation layer. 

1 7. The method according to any one of claims 1 to 1 5, 
wherein in the transfer step, a separation layer is 
formed in the first member having the insulating lay- 
er by ion implantation, the second member is bond- 
ed to the first member having the separation layer, 
and then, a member formed by bonding is separat- 
ed at the separation layer. 

1 8. The method according to any one of claims 1 to 1 7, 
wherein the first and second layers of the first mem- 
ber are formed by CVD. 

1 9. The method according to claim 1 7, wherein the first 
and second layers of the first member are continu- 
ously formed in a single CVD step while gradually 
or stepwise changing a flow rate or concentration 
of a source gas that supplies the additive material. 


10. The method according to any one of claims 6 to 8, 
further comprising, after the transfer step, 

the thermal oxidation step of thermally oxidiz- 
ing a surface layer of the second member, and 

the removal step of removing a thermal oxide 
film formed on the second member by the thermal 
oxidation step. 

11. The method according to claim 1 0, further compris- 
ing, after the removal step, the growing step of 


20. The method according to any one of claims 1 to 1 6, 
50 wherein the first member has the first and second 

layers on a silicon substrate, and a separation layer 
at least at one of a portion in the first layer, an inter- 
face between the first layer and the silicon sub- 
strate, and a portion in the silicon substrate. 

55 

21 . The method according to claim 20, wherein the sep- 
aration layer is one of a porous layer formed by an- 
odizing and an ion-implanted layer. 
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22. The method according to any one of claims 1 to 21 , 
wherein the layer formed from silicon and the addi- 
tive material is made adjacent to the insulating layer 
by the diffusion step. 

5 

23. A method of manufacturing a semiconductor mem- 
ber having a layer formed from silicon and an addi- 
tive material on an insulating layer, comprising: 

the preparation step of preparing a first member 10 
having a second layer substantially formed 
from silicon on a first layer containing silicon 
and the additive material; 
the transfer step of bonding the first member 
and the insulative second member while plac- is 
ing the second layer inside, and transferring the 
first and second layers from the first member to 
the second member; and 
the diffusion step of diffusing the additive ma- 
terial contained in the first layer into the second 20 
layer. 

24. A semiconductor device manufacturing method 
comprising: 

25 

the preparation step of preparing a first member 
having a second layer substantially formed 
from silicon on a first layer containing silicon . 
and the additive material; 

the transfer step of bonding the first and second 30 
members via the insulating layer while placing 
the second layer inside, and transferring the 
first and second layers from the first member to 
the second member; 

the diffusion step of diffusing the additive ma- 35 
terial contained in the first layer into the second 
layer; 

the strained silicon layer forming step of form- 
ing a strained silicon layer on the first layer 
transferred onto the second member; and 40 
the circuit element forming step of forming a cir- 
cuit element on the strained silicon layer. 

25. A semiconductor device manufacturing method 
comprising: 45 

the preparation step of preparing a first member 
having a second layer substantially formed 
from silicon on a first layer containing silicon 
and the additive material; 50 
the transfer step of bonding the first member 
and the insulative second member while plac- 
ing the second layer inside, and transferring the 
first and second layers from the first member to 
the second member; 55 
the diffusion step of diffusing the additive ma- 
terial contained in the first layer into the second 
layer; 


the strained silicon layer forming step of form- 
ing a strained silicon layer on the first layer 
transferred onto the second member; and 
the circuit element forming step of forming a cir- 
cuit element on the strained silicon layer. 
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